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mm^^m-w.n\zt (Danism 

* 0) ft m 15 & \Z m t £ h <D T tb z> . 

*tH«tt»H*Hfcfci»T2 003^7^15 b \z$ i mi£titzB*m l tmm% 

^2003-2749 6 4 *m®t UTSftUfciSIT & <b K) . E ©tBIl 

-jRfc I nN, GaN§C^$tl§ III gSTOlfc* 

§ < a #s n t ifl pim-v h 0 . 1! \z a f o*j| fcfp» f 5 z. t wrt 
*T-& I nNIi 1. 0 e VUT<Dmmmm*Gt&Z.£1!)<TB.t£\Z&\,>Tn& 

fiHffln«»^i:fiUT»(:taT?*«. sfe i nNu, -to* n*? 

GaNft W6LED (Light Emitting Diode) fciuAT* G aNIiPBh 
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ft:¥Wfc»5eT*^»?«E^r<5aii«a#*««£*^6ff«bft^ofcfc»,±iB 

SfeGaNC^UTB, Z nO 3^ *fflV>ntf SffifcT?** H £tt 

8&ftTV>fctf«. GaNfcZnOt*J«b<Rj6rail*» ^rDMfcJMIil 

tf, #fcfflF£itt 2 #HB. ) . ^OGaN^Sfigt^fcfeOSitLT, 
GaNfc#rSRJfctt©ffi^S i C Sffl H 6 ti*»-&%> L*>bfc5&t&, £ 

©s i cangtt^KfeGaNtsjisxtr^+^^^jafts-a-scii^T****, 

SSStttfiMETfeD. *fc®«©/h;£<r>»ttLrt>»*££tfT*&^fc«>, ft 
±ifi©»if«*©£ttfctt*» *3e9i©I«Jtt. InN.GaNffeftSSn 

«ft***#*^©Mfc*Kft*w#ai«»«*©ff«*ttftiittr* - 1 

HJTftftfcSWa^T (i^T> YS Z£V>5. ) *«© ( 1 1 DSfcMtT, 

iswr*. 

Sfc, **WlC#*ttfl3»*W#* : 3 l l4, ±»©»IB**ftr«fc«>fc, Zn 
OStS© (0 0 0 - 1 ) ®X« (0 0 0 1 ) SC^IT, AjlTJBSGaNfi) 

c*«»Kaitt&*j:5icEiaianTj5t*tt{i:**»#«ft#r*. 
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osso (ooo-i) mx\t (ooor) Beaux, /n^ht&s u s g 

a,. x N (O^x^O. 4) ©c1ft#*S«^fcaJ:3fcEfo£ttTfcSft<b« 

KT, -iy hU73cSft^3-7 (&T, YSZiH). ) Sfe© (111) 
ffifcftLT, ±121 nNfc**3tt**J»IgS£-r3. 

I^T, Z nOlfiffl (0 0 0 - 1 ) (0 0 0 1 ) SKlftbT, JLSG aN 

$>\Z, In.Ga,.^ (OsSx^O. 4) jfc&fc*£fc»¥*#:««;*T*fi 

fcto^sttfc^otea^acfcfc^T, znosi® (ooo-d ®x« (o o 

0 1) ®l:MLT, ±13 1 n,Ga,.,N*5 1 0 t:&(T©i&&TPi§5»£ii-5^ 

£fe<tiS))/3-7&tiL<D (111) M±CJI^Xx>> TWJBriESnT&S. 
© (0 0 0 - 1 ) ®XIJ (0 0 0 1) BBifcfi^ ^f!» :/#^/&£tlT&3. 
(1 1 Dlg^ffi^tt^'fy hU7JfefcflS5W3=7»**8 0 CCRi 

(000-1) mXte (0001) m$H$k%tiLZ1%?Z>Z nOSI^, Z nOl 

*§#-e£fflbT8 o otj^oaaTiinJiiffiarsftUftfflaiss^i-*. 

(000-1) ffiXtt (0001) flttA#tt**'*'«Zn OS«£, Zn^ 
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0 2ARtf[H2 B«, YS ZSS® (111) W\Z& ft %m3-mm IZ^gffiW 
0 3 A&tf0 3 Bte,gfc$j¥ii#Jl I nNOH^gegfcO^lPJ 

?z>ftv><Dmx$>z>. 
H4tt, 1 2 5 ovx 2 mmisaMmLT ftmvttY s zmm 1 2 ©a 1 n 

H6tt, YSZltO (1 11) ffifc^rS I nNiigft(DRHEED{i^^-r 
0 9AS^19 BB.YS Z*«Mtffc£<fc»¥iS#Ji0ltfij£TEMfcJ:9 

0 1 0 tt»a<b»¥*#jitG a NSffl^fefifttt^stftsts^s^-ria-c**. 

01 2ARtfHl 2 Btt, ftURffiSLfcZ nOM5 20 (0 0 0 1) ®£H 

fiiiiAia*T?«*ift«**jRtHT**. 

G a Nfcii<Z>j*fiiBgfc*rrs, GaN/ZnOAfaMMS 
£ ns ^® 1 COM;* £^1-0T£ £ = 

0 1 4 ARtf0 1 4 Btt, Z n Ogffi 5 2 © (0 0 0 1 ) iXtt (0 0 0 - 1 ) 
ffifc#T*G aN®RHEEDfc*«*Ufctt*£jRTHT**. 
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M 1 5 tt, G I XRfttl^t, aft*¥*#*f 5 1 C»l/TXtft»A» 
$ * T # fc R I* & ft © 7 P 7 7 -f ; V * * 1 0 T * 5 . 
I 1 6 ZnOS«5 2 ±\ZffiM2 Htc In,. 2 Ga 0 . 8 NORHEEDl 

, *5fiiflO|IJ(S©»IIK"PViTHiS&#JIHl/&3&«6l¥*IBfc»Wf*. *f8 
BJtt. I nN. GaN^Kft*$n* IIIK0S^«***Ji*Wr*Sft«I* 

B 1 tt, C0SMb*J*M>#lfc I nNSfflVifcftft*****^ 1 1 £?Rl/T 
H*. £©g{t^¥g#§i?i 1 l ltt, -f y hU7SS?ftfl3^3-7 (&T, YS 
ZiH 5. )*« 120(111) ®WIT, A#iiT&5 I nNOcMMS 

YSZSS12 £$fi£T5YS Ztt,0!lAtflS2 A fc^T =k 5 &m5S#£j£0 
Z r 0 2 fcY 2 0 3 £ H-.^1-*CttJ:D«rtUfca**©»fiftS?;V3 = 7 

fc§YSZ£ (Zr0 2 ) 1 -X (Y 2 0 3 ) x T*Sbfc££fc, fc^*X=0. 

0 8gftT»*«-&fc*V»T. Ifr^gRattS. 14Atft5. 
±3filxfc»J|«jfi^6&SYS ZSil2tt, (111) B5#*«SiB£&* 

±5fcff«sna. @2bh ±j£oj:'5fc*&jiflHia>6&3Ys zs«® (1 

1 1) 0$, <1 1 1 >2nSjj&» 6 TRUTH'S. C10I3 2 BtStYS Z 0lgftt& 

(111) ®±0&Z rUf (Ylf) ft, -ffl0ftStfV2 aT& 

(YSf ) 05$, IHK»»t4Z rgf (Ygf) F B l0|g|iiyte. /~2 a/ 
2-ei$n5.^;Ttf!lSai&J:iS©^< 5. 1 4 A £T £ £ SSBt y tt, 
3. 6 3 Aifc5. 

tfc>Ysziii 2±c«i»ia4n*ftft:*¥*#ii 3*«i«-r* i n 
n s ,m a « s 3 a \z m t «t 5 & a * i 0 v ) v v « m m s & z> ¥ & ? fc 
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I n**iNM*j&«EaiSnTfc?K 1 2 0 0 ®ffl~?Mtte% a ftTttltft 
fcS 6^>© I nBfOlttlCtt, 3"3©NK^3&«**an, 3Efc*0±{fcHK: 
H3^©I nHTptf&SK&aSttS. d© I nNCttfgfttt, a = 3. 5 5 
A, c = 5 . 7 6 AT**. 

H©J;3fcilft*ja#&&« I nNlt YS Zg&© (111) KC#UT. 
H3 BfcjRr*3fca*T»jfc;Sn*»£fc, Z rgf (YSf ) ffiUfc^fS 

Z rgf (YB?) F.fl©Sggiy (=3. 6 3 A) t&faa (=3.5 

5 A) *6ft5AJao I nNCfe^Itt, ^2. 34%TS0, YSZSI 

1 2 © ( 1 1 1 ) m is o in i&<Dmm¥Mfo<Di&=f-^m (ain:i 

4. 5%, G a N : 12. 3%) tik&VT *mtbT&< #P*£ H t WHttift 

So 

5fck:,::oSfl:«i#i»#JB l 3 tit I nN*fflfr>feftfctt¥*#*? 1 1 © 

iter, M«vr«t ( 1 1 1) ffit&s^dK^ombfcYs zisi 2 4* 

Atf^tt^H^^U-SffifflHIWWti. :©i«i»Tlt ^«r 
S^-f^KT,:/ U-©tt«*»* fc««ftLT«)#, *»fcttg»0. 5 M 

K\Z, Z\(D£?\ZLTffiWmB2nfrY S ZMl 25, 80 OtWOfig 

4 fit, 1 2 5 0t;T2B#|?aM$a3LTfti!bfcYS Z*«l 20(111)® 
ftK^ Wa««*T«»l/fctt*SwLTV»*. i©14 fir Atltf, i»&)&>fcjt 
SttOlfXf^^YSZitl 2© (1 1 1) I±C*^TllJfiHl:f)*S 

nt n * . c ©n^ * =r v mmm c * o areai l \z ± o $ n, 

»63^T?R-©IS**ffi**r*. ICSf^f^ 7©iii$fit, ®0. 3nmT 

$0Ysz»ti 2 firsts (ill) bowhk, gmrntfz ric?©^ 
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hps, ±jfio*#i:«^TYs zs«i 2$jiftsaai-^j: t^cko, nc^* 

f7f»;^S*S. ±i#0*D< Z r JS^-CJS^MEHIIfcffia U :WtYSZ 
YSZSIgl 2±T«*SnSt^5Cttt,a«JS ; ?Xxy^ , 01fiS$6t±0* 

- v a> & a * b a a* # ft t s £ £ a < . s « * ® * * t> ¥ a ft « t tt ± * n 
#tc, ttafttt** (pvd) sts^t, Ysziti 20 (i i i) m± 

(Pulsed Laser Deposition: P L D)fisfc*:*V>T£ff , r.5»£fc"3*KH*-r 

ICP LDttTtt.«*.tfH 5 ICiti5fePLDgI3 0 ftffl^TttflS** 
3^YSZI«1 2±.\zmm2i£Zo I®PLDgf 3 Ote, ?^>A 
3 1 ftlCYS ZM 1 2 h 3 2 tZmmisTmtfiZft.&tzZO)?* 

>A*3 1 0^«t*V»T±IB^-yy h 3 2Mfc3*flT*fltlKERSn&ft 
fg|g§§3 3 t,3t»M3 3 K«fcDf8£3ttfc/i;i'*l'-U , 3fc0;*#v h^£$ij 
^1"?>fe>501/>X3 4tSfi^,$6tft>A , 3 l^^il^7^ftAt?. 

?*>A3 1 tt,a«-r*a*#*0»«*&$-'fcT*fc»fc«tt 6*lfcfe 
0T*S. fcfc, jtfX^ftAj^l/- »f*0**fc©H«fc*V»TYS ZS« 
1 2'\0©*ftji£$iJffT'<<>3 1 *>A3 1 K«#X0M£f£iJiSPT3fci60 
lig#4 l*t#RSniH5. Sfc^^tWU 1*1 g&0 EE 

WtZ>tztb<DI£J]#4 2*t#K3n, ?*>A3 1 rt0£E*«, MEETTMI" 
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&*fc*lr»T 5 X 1 0 " 5 ~ 1 X 1 0~ 2 T o r r £&5«k 5 KifflfflSft*. Z. 0) 
>A'3 1 h 3 2 fc*rtJT*lBfc*fcT*3 1 a*«HKiBKS 

&3 1 a£tf-bTftfgigg§3 3 P><DK)VZ V— $yttf\%2ftZ. 
K%M% 3 3 ft, JtfB/W* U— tfftfc UT, W;U;D^7 l JI)&« 5-15 
HzTtD, l/-tM»7-jJH3 J/cm 2 TSO, «fi3W2 4 8 nmT&SKr 

AO*jfttt**«±IB^-yy h 3 2i5&£&£J;5 hWSSft,J&3 1 

a^^l-UTf t>A3 1 rtfceia<3ttfc*-Y? h 3 2«iftWl/T»3 0° 

^-^y h 3 2«, fflAtfl n&JS (MS 9 9. 9 9 9~9 9. 9999%) 
*>6MSn, YS ZS^l 2fc:fett$ (111) Bf fc** t TISTff J: 5 
KBR£tt5. CCD^-y<v h 3 2 &|§|£N4 4*fl*LT|gtee»3'&'3:?, ± 

v-iss >y7XT4>ttsn5 i nH^tt,jt*»Hft*oa*^^ t<omm 

ITYSZISI 2^gJ3iLfc I n«?*^tr«[^tt,"tCDS*YS Z*«l 2 
±©(111) ffifclfcftU »*K#tt0*feft£&tt*T!*KfcSn*i:ilc 
&4. ±IB«^6a:«aifttt¥4lft:9K?l 1 ^8Sna H t left 

-So 

T?«&< . HAtf#Tp»lK**5'irJI' (MB E) *U >y£«as, ffc 

©«3ftftfc* (PVD) StCS^^T^SSltTfeJ;^^, I nNCDricftt*^ 
Ttt, ItOMBESi DfePLDttSHfl-f 6#**a*t,H. *HfcPLDtt 
fc** 2 0 - 2 41BfiDX»By*>if*-^©*««H:, 0. 3 5° tMBEffi 
©0. 6 0° fcJfc^*Wfe/h*V>. Ctll4PLDttk:»V>T«A.liI nm<o III 
««^»*ICAltt*fc*OailX>^^-3&t**<.»*«iifT?j!l<»tt« 

114, P VDffifclB£an* , b0T«&<, ft 
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zttuocvD&zmmbtcit^mm (cvd) fets^^T^«UTt>«k 

(RHEED) ffifcS^^T, 'J7;i/^-<AKttlg*ftS:jl!lJg1-*<fc5fctTfe 
<fcU. HORHEEDftt^TYSZSfil 20(111) Bfc#f* I n 
N|§ft©RHEED«k*«*UfclS*SH6k:w'r. C © H 6 £ tlfcf , I nN 

itsYs zas* i 2® (i 1 1) Bffc*fT*fc**»j&«2 . 3 4 xt/hs^fc* 

Tlr>*Il£##*.Sn,fi.a*& I nNW&/j:5fftWi|#I 1 2©^J& 

feAAa«o«[-?*«vj&*j5ffc*»sns. :nn y s zmm 120(111) 
^siibfcgM*®^? 1 1 <Dgik®*m&m 1 3 cot, x*i§i*r 

(XRD) 8££frofclS**H8 Ate^T, £1 ©0 8 A fc^f X R D b 
;Hcintf. SK6 0 0 MP!Tfc:-27j&«lH5!bT*?K A^H© I n N©c H*t 
(l l l) ®K:ttLTi&iiEifcS,fc3K:iBifcLT^a£££;KtfttT^<6. 

Sfc@8 BB,±fBXRDX^^ MP© 3 5 8 2° #jfi{;4 C tf- £ ©&* 

21©ft»bfcSfcttiMM**Tpl 1CYSZSI1 2«{;:gft;t>¥3ift! 
1 3 ©8fr®£TEM (Transmission Electron Microscope) lc«k K> 
*H9AtiSt. Afc*Jt*H + *WA*|ft«, YS Z 1 2Sfi±Ci 

$$nfcgfci5¥3l&JI 1 3&MT3 I nN©<0 0 0 1 (ctt#[4|) 
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\ZX%&(D I nNKO 0 0 l>1S!ii\'\ffifaLT^Z>Z.thmmt%Z\ttf-C 

ts.tcccYsziti 2 tgfcw^mwm i 3i0riTi^AfDH 

#»JiJt SttT^S. Sfc, i|t«Snfc I n N 4 7fllC*tLT lfli©fi]£T'$77 

InNOYSZ(lll) iBfc#1-*» : F^Sta6^#4i;fc'bfflT?»«*J. * 
^0J^ilfflbfc^ft^*^#^^ 1 1TI1 C©^^^1$2. 3 4Xi#tt 

»4SRjl:-r*cfc*n»J*Bfcfe*. 

#1 i 3 SK»T*Kaete0»£&»**n£j&«-c*afca,,&R© unh 

#11 I nN0«j|i!l1&IHfc"3lr>Ttt, fi*t*liTl. 0 eVUTtn^^nx 
1 3 £ LT$J&t£gM¥ig#f!?- 1 1 te.SSftPHi^iHix 

MX, Il:tt*iim$, «*&fljfcfcJ6fl!'r*i:fc*«T**. Wfc* c©£ 

ft*****:*? 1 1 tt, I nNfcttLTfc*«fcftfcT*0#^PlE£1-«YS Z 

7fyy*»ita*ftYs zici 2Siin5*^ft«i:tt)iiiiwsi/fcijj,s 

o 

*fc, ZrO,t H-T^ 3Y,O,0<ffc*flXW\ X = 0 . 0 8tHSSn4 
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mWTZ. 5 ltt, mi 0CitJ;5l:ZnO#&a5ZnO 

(0 0 0 1 ) ffiXtt ( 0 0 0 - 1 ) ffiUMlT, T^HTi&SG aN 

Z n om& 5 2 £#£j&1-<5 Z n 0«,±$LfcIS 3 A fc^TJ; 5 & ££g) 
©iiSifl#£ji£#U:&^£$Ctea = 3. 2 5 2 AT^0^$iJ^i|i^3. 2 e V. 

*fc,znosi5 2 ±.\zmmw*iki£ftz>mm¥mwm 5 3£M-r5Ga 

«»W3. 4eV, ls!lig^©ili!i£x*;i^-#2 lme VT&S. 
d © £ p fZtiSghM JBj&» 6 & 5 Z n O StfG a N tt> S ^fcft^jgftjjtis* U n 

ftf\ S4£S®t5* (0001) ®Xtt (000-1) ffit&SJ: 5 tBL 
fcZ n Olt 5 2 ^flAtf^-V^ FT. 5 U—t»3 D'f #£fflV>T 
*«W«-r5.ilOt$fera*lC3g®a*© rins^l 0 A^T i fc* *T*M3l 

Jfcfc, Z\<DmW.ffimZtltzZ nOS!5 2^, 8 0 0 < C&±<Z>ffi8?fcfM$P3|'l 
fcJfi5fi*-^ , >rtfc*ir»T,H l l fc*TJ:5fcZ n 0O«ilS#TffijRte:B!^T 
inMSTSo tf^SS&fcfcHT. ZnOSl5 2SZ n 0«iiie#fc «k 0£H 
LT^M**<,*fcflHt , *to»#teJ: 0 ZnOlt5 2 £T££^&tr;i £ 

fcZnOS«5 2 SttfcTS.k'SfcUTfcJ:^. Z nOtttt^gftSff 

«ftZnO*affitttt«WlfiS^fc«),S««fitLTfflVsSZ nOl«5 2$ 
M^STS tdn^«ftTL*5 t^5KHA*«fttjfc*t,BI 1 1 ©»< Z 
n 0«i«#lc«t 0 fiH l/fc Z n OSffi 5 2 Sim lift fa Z. t £«fc D , » to tfZ n O 
©«lftffi**»»tfc«*TlPJKHflaT* £ &*»T**fc*, Z n OSS 5 2 gft© 
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tt»fc*l>fc», HB*ZnOtt»#T?flBUftH*Gfctt. #©£J&2 Z nO 
= 2 Zn + 0 2 ti^UtZnWJ:< ZnOS4£5 2 fr&BSStt* Hi 

ini:»bl, Z n O^tS 5 2 W^l^Z n Ojfct&flcTflHTS H tie 
*»**ZnO»*i#*6ZnOa6*HBO«ffi*^Zn3i(»atl'r*tl*. 
+ fc*lt« Z n*fttfiK< £©fc*, ZnOSfS5 2t®Zn 

ZnOS1£52*©Z nOftfc + ^OSIKSaiAafci&fctt, *0 

J:^. Z n %-£ti$m<DWtVT. MAtfZ n Ofg B B B ^ffl V>T fe «fc V> U Zn 
OSSfflVsTfeJ:^. *»^a»'&fc*V»Tfcra«t, ZnOl«5 2 g#:©#$ 

±»bfcDP»«ia*»K^^Ttt, Z n OS* 5 2 ©*fcR£3*l* fcOTtt 
L i Nb0 3 g$fc^V>T«> L i NbO,tttl#:T?±ifi©«l<fiB 

t5!ittJ;0.Li HOcfc^fcUTMM 
IfcLi Nb0 3 S«©SiStt, 2 - 3*>^* hn-AOiftasfc-DK^BT, 

HOt*, L i N b O jiS#TSiT5^j1-fc, L i fc^tfttttTfiBT* 
i5tbTfe.tK BPS, L i Nb0 3 S&£, L i S*tr*mTflB V TtiQ® 
&Wt5>Z.t\z£<0, L i Nb 0 3 &fo<DftM*m\tZZ£-?%Z>o 

£&. LiTa0 3 I|l:9^TH LiTa0 3 TliOSD<'ait^ii 
L i ©#$£$l£iJT-5Ci#T#3o ^^5l^H*^Ife. L i 
ti*rttTfiHbTlPSft«iai-5J:tfcJ:D, L i T a O ,3«0#ff*»HMT * 
uttt^. Sfc, S r T i 0,**fc:3V>Ttt, S r T i 0 3 m®ifoT°±®<D 
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%l<&mtZ>Z t\z £0, S r (DftMZI&MTZZ.tlfi'VgZ. 
V>Tfc, S r ft*tr*r»TflHbTlP»»at*i:ttJ:0, SrTi0 3 S« 
0#)!?&»lMf*i:£T?**i. Sfc, LiGa0 2 (^^T(t LiGaOj 
tt#T±i£0a]<fiH?"*i:ifcJ;»3, L i <DftM*mfattz z. * 
*4l^til»Tti,Ll *^tr«»T?fiHbTflH»fflai"<BJ:tfcJ;0, L i 
G a0 2 g*K©#fl?£}f|]i|!iJ-rs;r iT*4. M g 0®«fc:3t>T«, Mg 

gOStS^^^^WfiJ-r^itT^^o SfcLlAI O a »«fctn>Ttt, L i 
A l O g tt»#T?±j40*D<fiH"f L i ODiMISKKf SCiiJi 

T#5. ^36>**^K*^Tfe, L i *^t»#WTfiHbTlinS»fflaf S C if: 
■tO, L i A l 0 2 S«©^^S»|yr?)JltTtS. LaSrAlTa 
Ojlll^^Itt, L a S r A l T a O s «HS#T±jiBoa < fifflT* i t fc 
iD, L a®$HS&ffllfBlf frfrSfc^KfcHT'b, L a £^tf 

#«T?fiHUTlP»jaa-r*J:fctJ:0. LaS r A 1 T a0 3 SS©»l« 

Hfctt^K, Ca.Na.Zn.Te.Mg.Sr.Yb.Li.Eu.Ca.Hg.Bi 

«©a*o»**«iA*»^ic*^Tt>±iEjpj»aa*tfe*affl'r*t t««T 

112A!t H©1150tT6. 5 BtrajP^Saa bfc Z n OSt 5 2 (7) ( 0 

0 0 1) iBSJR^M*8HR«n?«lltfclS*S*UTV^. £ ©El 1 2 Ad: 0 > 
ttatfcOBHP*?-? ^ZnOi«52O(0 0 0 1 ) Bi-kfc*V>T#(fc£*lT 
^50W5.@12Btt, 1 1 50tT3. 5 PfrlHJiPJIM&ai/fc Z n 0»« 
5 2 <D (0 0 0 - 1 ) B5*aC^M*a*«lT««Lfcllf**«tT^*. 

1 2 B it), » 6^&I»«©If X f *; ^ Z n OS « 5 2 © ( 0 0 0 - 1 ) 

,Xf7 ^lUSnft Z n OIS 5 2 SISfilJfilSStLTlfliti Ztifi 
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6, HlcjS^&rt«UM*ft^±tf*i:ife*JIBfc&a. 

ifcfc. labfcPLDfttiO, Z nOl«5 2 £in#ftLo^ ■£© (0 0 0 
l)IXH(OOO-l) B5±fcG aN£l*$-fr3 0 PLDgf 30 

IZ&VZ?* >/\*3 1 fi©i£?jte, S*#ffla'ft*^T 1 X 1 0 _1 To r r 
t&S«t5fcWWTa. Sfc?t^lil5 3 3 *614, /W* I/— if ft t UT, U- 
■if/17-#3 J/cm 2 Tf»D, K r FX*i/-?l/-+> : £f8igT-5o 
yh3 2 W\ GaM 9 . 9 9 %) TfilfifcU Z.<D$-Vy Y 3 2 SB 

fcMLTinMasn&z nosss 20(0001) ®x« (ooo-di 

%4Sf 6nS7^U-^a >/7XYtfi, GaBf^*nx^4. G a ff 

ft$-&TZ nO*|£5 2^lt4.*lTZnOi«5 2^aj»bfcGaK^ 
££t?i&?44, ZnOSS 5 2±© (0001) ®Xtt (000-1) 

1 1 3 U, G a Nigfi©j«M*t»U, GaN/ZnOAf D#II:M§ 
ft5iHl<D****lTV>*. £©013 ^^-fcfc 5 \Z, 5 5 0 *C 

Mfi*«A*i^ya||LiBfc»rt*n*l|iiffloj»**«ti«fc»Jn1-*. IPS, 
GaNRtfZnOtt,j£M«j&«5 5 0 tJtfififclfi*.* t&i&fcSJft-f 5 H i# 

luTRHEEDfetl^TZ nO*« 520(0001) ®Xtt (0 0 0 
- 1) ®Kftt3G a NORHEEDfc£«»LfciS*SB 1 4 fcjRT. B 1 4 



WO 2005/006420 



PCT/IB2004/000916 



15 

cnicMlt, HI 1 4BfcJ;nH fo&U&Z 6 8 0^£Lfc*§££te, ^rP 
# M £ l^T^ffig ft& fSH G a N ©E* 7Gf£fi#£ C . W £> * t G a 

N £ft ©&£$»*( ffi#M Tfgfc * C £ 5 . 
y*\Z, G I XR (Grazing Incidence X-ray Ref lectivity)fel;:fi-^£, 

IP*, JblBRHEEDfc^G I X R <D?U 7 7 -f )V& ?) , GaN?))ilSfigS; 
5 1 dCKTilfcH^C, G aN£ZnOi©Rjfc*«)IW"ra££tf«T#» # 

£©£», 5 1 fcfls«1-*tt£fc*HT, Ga 

N©J«MS*t5 1 OTCKft&fiiifcttfl-r*. cni:±D, ZnOS4£5 
2 £glttl¥$#:B 5 3 fc©Kfc*ViTlHiJiO#fiUa:V»ft*a:iHB€^D 

GaN©ZnOfcttT*EJS#Stt£5pJJHU :©GaN©flfifi 

ICGaNIi *©*IM#«fc«fct), ffiLED (Light Emitting Diode) (3 
Z nO*$5 2±fcAflOGaNil*ftjai*a-B:T«|j*Ufcafl5**»#*^ 



WO 2005/006420 



PCT/IB2004/000916 



16 

WAtf.aib***^! 5 3 £$/&T£>G a%^©-BI$£ I n7C#fc11ifcl,fc 
I nGaN*J?l/W¥iftb&ZnO»85 2iH^i$t^±ol:L 
Tt>J;V». I nGaNO^IIi G a N (D&T t Jttt b T Z n O fc S£ 

n7G*fc1UfcbfcI n 0 . 8 Ga 0 .iN*ZnO*S5 2 ±fc«« H £ fc «fc 
0. ^4k$3¥*iftiil^5 l©,ftR&«kD*fiK:|ill±;51*:5 

ZnOS&5 2±fcf*13i*fc I n 0 . 2 Ga 0 . 8 N©RHEEDig$j£!f|gSb 
fcfftft$l9 1 6 IZTnto ^©016 Ictntf, rt**DW*»6»V^REHHD«ii 

&5 2±C«IS*fcI n 0 . 2 Ga 0 . B NOJhfcHK: G a N &&JI $ J: 5 fc 

ft*, In.Ga^.NTStWt. 0 =S x ^ 0 . 4 0«HT*fttfJhJfi(ID 

0H*©fc©*fr5 ittii§JMficit>TW6*»T**. 
7ftftfl2^^3=7 (BIT, YSZ£V>5. ) ££© (1 1 1) BiK*fUT, A 



WO 2005/006420 



PCT/IB2004/000916 



17 

**twsafflbfcafls«¥Wft* : ftt, znoisoio o o-i)®x«(o 

0 0 l) ffifcttUT, A#»T**GaN0c|*tfl&git£&*«fc5fcEfo;&tt 
Ttt*a<l2*¥SlftJi*#-r5. HP'S , tOSfcto^aftSma, AfP^ll: 
ffKl^»l**nT^«tV»fc»»j!l«©GaNlSa,*6ft««fl5«l^»#l** 

«**#i*#-r*aft«¥*## ; po^«*ttfc«^T> yszmo (i i 

1) ICMIT, ±IBI nN*3H*S**3KJ»lS**fS. unfcit), YS 
Zg$4> (111) iBfcftViTtt^Saffll^feAJlO I nN8litf»&fc*fiNb 

*¥»#IStt5Sft1lj*i#»f<0#8*jSfc*V>t, ZnOMffl (0 0 
0 - 1 ) mX\Z (0 0 0 1 ) Il;*flT, ±f2GaN£5 1 O'C^T^ig^T^ 
iSt^ItlgSttS. dtifcckO, ZnOJ6fitfiW»#ltOHfc 
*VsTJ|LH10#ftb&V»«il»&*lii*#DfflTJlfc3&»"C#,J!lftOG aN»ft 

ztc. *mw%mmistc¥mfcmm$. znos«o(o o o - dkxbko 
o o i mifcifxfy^wsnt&s.iniiiD^cwsin 

*58W*jgfflLfc¥W#**©fP«^»tt» (111) 1SttJ&#&«:ft 
y HJ7ft£flS3W3 = 7***8 0 o , cet±oa* , rjipj»ffl3ii-aip 
UMaSia****. cnici"), C©¥*#**©M#ttTtt, -f*hU7 



WO 2005/006420 



PCT/IB2004/000916 



18 

*mwzmM\sit*Mft&m<Dftm&\*, (ooo-d mxu (o 

0 0 1) MtiUMilo&ZGtZZ nOSS^, Z n Oij«S#:T£|g LT 8 OOtK 
^^STU, ZnOSSO ( 0 0 0 - 1 ) mX\t ( 0 0 0 1 ) ®±\z%?Zt 



WO 2005/006420 



PCT/IB2004/000916 



19 

iff#©$BE 

1. -f v h'J7$gflj^3i7 (&T> YSZtHp. ) SIS© (111)® 

2. ±EYS ZM© (111) ®fctt, I^fyWUSnTHSJltS 
m. t T § if £ © HIS fg l 9 15 gc © £ ft « * « # * =t . 

3. Z nO£«© (0 0 0 - 1 ) ffiXtt (0 0 0 1) II^LT, /N^HTfcS 

4. ±IBZnOS^© (0 0 0 - 1 ) ®X« (0 0 0 1) Bfffctt, M^r^ 

5. Z nOSS© ( 0 0 0 - 1 ) ®X« (0 0 0 1)I«lT, A*f B TfeS 
In x Ga!_ x N (O^x^O. 4) © c W*t|§set fc£ J; 5 fcBBlRlS tlTfc 

6. I nN^f,ft^gtt¥i#I^tt5f«*i#if©ffI^|ifen 
T, -fjr hU7^ftyJk3-7 (KT, YSZt^5„ ) X$© (111)® 

7. iBKtiiTii, tia^ffi^* (pvd) $kxmt¥%temm (cvo 

&C:g^T±fB I nN$It!^ + J/tMIStSC ££!|#ifc«tT<g>lf$© 
&Bf! 6 SEfcoafl;*****^©^ S#8. 

8. ±|EYS ZStS© (ill) I±l;fii||fXfy^^t5Xfy7'i 
«fc*fLT,±E I nN^^#$-&SClt$it#iti:-r-Sfl*©|gffl^6^|SicCD 

9. iB77^»)«l8Tli, (1 1 1) ®^Jl£ft£:£T-5YS Zg*££, 

8 o o < c^±©m^Tin^MS1-^c:ti£^^i-r-5if£©$5H^8^iBt© 



WO 2005/006420 



PCT7IB2004/000916 



20 

KX* ZnOaSSO ( 0 0 0 - 1 ) IXIi (0 0 0 1 ) ffiCMlt, ±!5GaN 
S5 1 0 , C«T<D?S^T'^*$-&5^ifIg^^-r5^t*#^tT-§)^ftt) 

1 1 . ±ummxmx\$. ®w%mm% (pvdj (cvd) 

^ ^ T ± IE G a N * X tf * * * fig ft £ it * £ i £ 4$ ft <h 1" <& ft * O 
1 2. ±|3ZnO»«© (000-1) ffiXtt (0001) Ill^fclf^f 

1 3. JtlE^f'^MlitH ( 0 0 0 - lj ( 0 0 0 1 ) 

ti**t4ZnO««4, Z nO©iiftTQHT8 0 0 X3&±®ffl£-Cin*& 

1 4. IffiXfyyMlSTIt ( 0 0 0 - 1 ) MX\Z (0 0 0 1 ) TSmgkJi 
ttW«ZnOS«S, Z n£^tTWe&fflUT 8 0 o ■CE^rofiaTinlfc 

1 5. ±Efc*lSTtt, ±IEGaN*afiTfc*3li-*c:£*«ftRi-r3W# 

16. In x Ga,_ x N (O^x^O. 4) i^&5l«^I$tt5^ 
ft*****^ 0ff«*ffifc*^T, ZnOSSffl (0 0 0 - 1 ) ffiXtt (0 0 
01) MlZttLX, ±IEIn x Ga 1 _ x N£51 0rKT©M*T**5li:** 

1 7. -f y hiJ7*)6ft^3»7»««D (ill) ®±!;IfXfy^W 

1 8. Z nOg&CD ( 0 0 0 - 1 ) ®X« (0 0 0 1 ) ffiifcJK^a r y 



WO 2005/006420 



PCT/IB2004/000916 



21 

19.(11 l)If*tll#ttfc*r*-ry MJ7££fcvJlo-7M£ 8 0 0*0 

2 0. (000-1) (0001) ffii^f B ^fi[^#f SZ nOS1££, Z 

2 1. (0 0 0 - 1 ) ( 0 0 0 1 ) iB»ll*ttft#"r*ZnO*«*, Z 

nS£&#»TSHbT8 0 0 t&±©a*TiJn*M&8'r § H t if -5 



WO 2005/006420 



1/14 



PCT/IB2004/000916 



(11D® 




FIG. 1 



WO 2005/006420 



2/14 



PCT/IB2004/000916 




FIG. 2B 



WO 2005/006420 



3/14 



PCT/IB2004/000916 




FIG. 3B 



WO 2005/006420 



4/14 



PCT/IB2004/000916 




FIG.4 



WO 2005/006420 



5/14 



PCT/IB2004/000916 




WO 2005/006420 



6/14 



PCT/IB2004/000916 




WO 2005/006420 



7/14 



PCT/IB2004/000916 




WO 2005/006420 



8/14 



PCT/IB2004/000916 




WO 2005/006420 



9/14 



PCT/IB2004/000916 




FIG.10 



ZnOS^52 ZnOOmW 




A 



FIG. 11 



WO 2005/006420 



10/14 . 



PCT/IB2004/000916 



FIG.12A 




1150 "C 6.5h 



FIG.12B 




1150-C 3.5h 



WO 2005/006420 



11/14 



PCT/IB2004/000916 



5.0 



- 4.0 
c 

3.0 



•VU 

lit 
e 

B 

life 



2.0 



1.0 



0.0 





• 




f 







350 



550 



750 



FIG. 13 



WO 2005/006420 



12/14 



PCT/IB2004/000916 




FIG. 1 4 A 




WO 2005/006420 



13/14 



PCT/IB2004/000916 




2theta-omega (degree) 



FIG.15 



WO 2005/006420 



14/14 



PCT/IB2004/000916 




£5 



(•n-B) /tysu^uj 033HH 
FIG. 16 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H01L21/203 



According to International Patent Classification (IPC) or to both national classification and IPC 



International application No. 

.PCT/IB2004/000916 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L21/203 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1922-1996 Toroku Jitsuyo Shinan Kbho 1994-2002 

Kokai Jitsuyo Shinan Kbho 1971-2002 Jitsuyo Shinan Toroku Kbho 1996-2002 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 11-162852 A (TDK Corp.), 
18 June, 1999 (18.06.99), 

Par. Nos. [0014], [0024], [0025], [0054],' [0065] 
(Family: none) 



A (Matsushita Electric Industrial 



JP 8-255932 
Co., Ltd.), 
01 October, 1996 (01.10.96), 
Par, Nos. [0067] to [0071] 
& US 5787104 A 

JP 9-45960 A (NEC Corp.), 

14 February, 1997 (14.02.97), 

Par. Nos. [0026] to [0027] 

& US 5815520 A & DE 19629720 Al 



Relevant to claim No. 



1,2,6-8,17 



5,16 



0 Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents: 
"A" document defining the general state of the art which is not considered to 
be of particular relevance 

"E" earlier application or patent but published on or afler the international filing 
date 

"V document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 
"P" document published prior to the international filing date but later than the 
priority date claimed 



T later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
ttie principle or theory underlying tlie invention 

"X" document of particular relevance; the cla imed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or mare other such documents, such combination 
being obvious to a person skilled in the art 

"&* document member of the same patent family 



Date of the actual completion of the international search 
30 July, 2004 (30.07.04) 



Date of mailing of the international search report 
17 August, 2004 (17.08.04) 



Name and mailing address of the ISA/ 

Japanese Patent Office 



Authorized officer 



.Facsimile, No 

Form PCT/ISA/210 (second sheet) (January 2004) 



Telephone frlo. 



